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USE C IONIZIN RADIATIOW FR TH ETMARAION
OF RADIO VACCIME AND RADIO-ANTIOE

Proceedings of a Symposium, . ,A. Tumanyan
International Atomio Energ Agency, 'V. 0. Khrushchev
Viena, ,967, pp 23-3l4a.

Abstract

The possibility of employing ionizing radiations in certair doses to
kill microorganisms was used to produce vaccines against intestinal infec-
tions and also to obtain from these bacteria antigens capable of being used
as chemical vaccines. Typhoid fever and dysentery radiovaccines and-radio-
antigens were prepared and the effect of various gama-ray doses on their
toxicity and their antigenic and Imumogenic properties was tested. The
doses used did not change the properties of these producnt as compared with
those of vaccines and antigens produced by conventional means. The paper
also discusses the possibility of wsing radiation to sterilize the already
prepared vaccines and antigens Including radiovaccines and radio-antiges,
anitoxin., antitmc ser and nutrient iadIa fOr the cultUMe Of MiCroog-
ism. Data an the Irradiation apparatus ued foe theoe Invefstigtioeu we
reported.

The property of ionising radiations to produce bacteriostatio or bac-
tericidal effect with certain irradiation doses may be utilized in the produo-
tion of bacterial preparations. Two ways of utilizing the radiation are con-
templated: firstly, for sterilising vaccines, antigns, serums and nutrient
media in the process of their preparation or in finished farm and, secondly,
for obtaining vaccine and antigens fra micor•ganisms killed bI irradiation.

At the present time, the expediency of radiation sterilization in vari-
ours branches of medical industry# including the production of bacterial prep-
aration% does not med amnveatim S the we • f radiation for killing
microarganim with the aim of proearing types of eerpm•cular and cbmi-
cal vaccines, the so-culled Mradiovaocine' and wradloantienes needs serious
proof.
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Conventional methods of killing microorganisms for the manufacture
of preparations widely used in the prevention of infectious diseases of man
and animals are for the moat part unsatisfactory. The most widely used meth-
ods are the action of various chemical substances on a bacterial cell and
affect of heating. In doing so, many cellular antigens responsible for the
creation of complete liunity in the organim are destroyed. Therefore,
the search for new chemical substances or new physical factors which viould
have bactericidal effect while retaining in doing so the high antigenic and
inmnogenic properties of a live microorganism, continues. In spite of the
relatively high radio resistance of microorganisms to ionizing radiation,
irradiation of microorganisms has drawn the attention of a considerable num-
ber of researchers.

We used ionizing radiations for the preparation of vaccines (anti-
typhoid-fever and antidysentery vaccines). Controulis et al. and Troitskiy
et al. used radiation for the preparation of diphtheria anatoxin; Traub et
al. obtain a vaccine against rabies; Polley furnished experimental proof
for vaccine against Influensa and parotitis.

Data furnished by Sclrartz, Tisler, Golds et al. and by others on the
use of radiation for the preparation of vaccines from helminths are of con-
siderable interest.

The work on the preparation of a vaccine against hookworm (Dow et al.)
with the help of ionizing radiations is extremely important.

However, radiovaccines and radioantigens must meet the main require-
ment - not to be more toxic in comparison with the preparations made by con-
ventional methods and not to Impai. their Immuogenic properties.

In view of the fact that vaccines are widely used for the prevention
of intestinal infections we set for ourselves the task of Investigating the
possibility of using radiati on for the preparation of antityphoid-fever and
antidysentery radloccines.

Doses of from • . to 6 W 5 rad killed all of the strains of the
typhoid-fever and dysentery bacteria that we tested. However, for the prep-
aration of radlovaccine irradiation was done in the doses of .1-2.O Mrad.

frradiation was done on an experimentation apparatus with radioactive
cobalt. The apparatus consists of two adjacent pools Ulled with water. The
small pool is designed for aumiliary operationes reoeption, assembly and stor-
age of the sources. In the wall adjacent to the operating pool is arrar.ed
a sluice gate designed for the transmission by the source from the auxiliary
pool into the operating pool.

Two chambers for irradiation of the objects are built-in hermetically
in the front wall of tha 3arge operating pool. Two pipes which serve as the
guides for the aerriagem ehrryW the Irradiation soueres are installed on
the dges of the pool. Radiatimn soirae are auembled Into devices ressablkg
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Figure 1. Upeplmaentation, apparatus.

a "squirr.el wheel'. The are moved, up to the chiabere fo Izrtdiation. Mov-
ing of the carriages with the sommos Is acomiplished by .leotroamehanioal
drives by means of chain traotion, Controlling of the notion of radiAtion
sourcesin 1 done from a benahboard. A set of cobalt-0 preparations has a
total aotivitr of 30,000 arnie AMd providea a power of a does of vip to 10,000
nY'dnz

Un loading of the objeoat ItOU the obmaber for' irradiation Is done
from the sldobo at Ve tx b WU ot the qPMUMin PDool At thi time the pro..
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tective door covering the hatches of the chambers is open and the radiation
tources are at the pool end which is away from the chambers. Protection of
personnel doing the loading is done by a layer of water with a thiclness of2,9500 mm. After loading the objects the personnel moves into the benchboard
room id from there oontrm the apparatus% closes the protective door and
moves the radiation source into the operating position.

TABIE 1. TOXICITY O VACCINES

du) TOWa Du*ag Swiwvlv06e.. (M,.)

r. vae hnm h 4a7 0 3O 1 93.3

haiw"Msle FIMM44S7 1.0 30 3 90.0

F.Vte�shtI 0 00 u3 40.0

W.VtedN Tyt 0 40 17 a6o

lieefaews TyI 1.0 0 36 71.0

M."a TS 1 1.7 40 0 000

The apparatus in provided with blocking and signaling devices. Ion-i.ing pickaps marking the excess of gammn-tay background over the permissiblelevel with a light or audible signal are installed in all roams. The audible
signal is duplicated in the control room. Signaling of the position of theradiation sources and protective doors is grouped on the control board. The
apparatus in provided with two time relays which automatically turn it off
upon the expiration of the exposure time.

The wash-off of the daily agar culture of typhoid-fever or dysentery
bacteria (30-70 bill~ion microbe bodies in 1 milliliter of pbys iological so-lution) was irradiated in glass flasks (100-200 milliliters) or retort (I li-
ter). Mrradiated bacteria were used for vaocine preparation or else various
antigens or antigenic cmpleeex were extracted from theo.

To judge the quality of the preparations obtainqd their antigenic andiumimogenic properties were tested and also their capaeity to retain V anti-
gen and toxicity.

Toxioite of the preparationa was determined by the deaths of the aninals
with intraperitcmal and subcutaneous administration of various doses of thepearatnio being investigated, in a volume of 0.5 mil1lters for mice and
I milliliter fOr rate, and also by ou•ansovu reactio to intracutaneous ad-atm of 1 peperatiuns to rate. A o riseon was wde of the



TABLE 2. TVAICITY OF ANTMENS

__Na _ Iadm too

m m m w h l m i e() .) -m .(M4Tout eafth "Vojw

fe •W 0 10 I0 10•.-•LO is II
-. 4.0 10 10 0

r. lmaik" ma"a 1.0 1.0 1S 0 10
l2mn1• S.0 .10-.0- 1 ..

4.0 10 0 a

sefeuda b""'o ya LO 1.0 M $0asi..0 a0 $ -0

T.0 0 1 1004.,0 li0 13 .° -C

4,0 30 8 I"

'usal. foma:I-teted and hea'ted vacci~nes w~i.th tPhe -aoo~lnee pr~epared fc
microbes killed by irradiation (uradi~ova•Loins) and with the ueual fora±-
treated vaocines subjected to fLrrsdiatioga• with the ai oat utriistiac

It was found that radiovaocines or vaccines subjected to irradiation
with the aim of sterlijzation did not differ In t••ioity from the vinual for-
ma•,-treated vaccines.

The toxicity of typhoid-fever vaccines was also investigated br the
cutaneous reaction an rabbits. The vaccines were adhinistered Intracutane-
ously. With respect to the degree of cutano•us reaction the vaccines may be
arranged in the fol2owing orders formaldoyde-ldlo led vaccines, radloncine
prepared of microbes kiled by 1.5 Ikad, heated vaocine, and radlovaccine made
of microbes kIlled by 1 *%rd. In comparison with the zeaotion to the adain-
istration of conventional maocines reaction to the addinistration of radio-
vaccines was characte•ied by a later appearance of infiltrate, by its swl I
dimensions and by an abeenoe of n•aroeia.

The lqid portion of ndimovacines did not produce the frmation of
Infiltrate vereas the liuidA portio of vaccines V!epared bF oonventioiu2.
method proftoed ftmatloss af a anm infitrate of ommuiderabl.e dimuasimiss



TABLE 3. TCXICITY OF ANTIENS

(ea8iasg)w(waj

Total Duad SurvIva
t40.) (No.)

1,b*ar H 0e o0.5 to 0 o. a
1.0 10 10 0
1.0 10 10 0

iUdNAI baU•M 1. 0.8 10 6 40
SU 1.0 10 a to

2.0 10 0 40

U,.a. WAiMmd basswu 1.8 0.8 10 6 40
vý i 1.0 0 100

11.0 10: 100

F. 0mb Ty 2 0.8 10 0 100
1.0, 10 S 30
1 3.0 10 1 so

o4.0 10 10 0
0.0 10 10 0

ftediMd bhmda LIa 0.8 1O 0 100
Ty 1.0 1o 0 100

1.0 10 0 30o

"4. 10t- .8. 30.
.0 10 8 30

IP.a.t•madmil bamta 1.6 0.8 10 0 100
Ty 1 1.0 10 0 100

3.0 10 • o0
4.0 10 10 " 0
0.0 10 10 0

which would not disappear for a week. This makes it possible to consider
radiovaccines to be less reactogenic in comparison with heated and formalin-
treated vaccines.

Anaphylactogenic properties of the vaccines prepared were tested in a
series of experiments. Formaldehyde-killod vaccine an4 vaccine made of mi-
crobes killed with 1.5 Mrad produced a reaction with neurosis in Snirelli-
Schwartmmn phenomenon when Investigation was conducted in the course of one
month after the preparation of vaccines. However, if the vaccines were ex-
amined in 2 or moe months$ then neither the radiovaccines nor the conven-
tionily prepared vaccines produced Sanarelli-6chwartmuan phenomenon.

In testing the taxi properties of antigens prepared from microbes
k)Jlld b1 Irdiatim it ms found that radioantignm are ls" toxic in com-
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parison with antigens prepared from formalin-treated microbes or fromn mi-
crobes not subjected to killing before the preparation of the antigen (Table
2). However, if Irradiation was used on an already prepared antigen obtained
.frcom formalin-treated microbes,. then with respect to toxic properties it
eithor did not differ from ani uiriradiated antigen or was more toxic than
the Latter., The same results were obtained in the experiments on rats
(Table 3).

Investigation of antigenic properties of radio vaccines was carried
out on rabbits. Groups of rabbits (of 5 animals in each group) were immunz-
ized three times with 7-day intervals by means of subcut~aneous injections
of the vaccine (Table 14).

TABUB 4., AGGLUTIININS (RABBITS

Ii~.u. . 7 days q&. bloodsg 14 21 as so

I T U II day;after 3 blee56m

W. neebe Ty 2 0 151639 115120 10"0 ItemW 1,12M 132M 181126

Ne.lees" Ty 2 1. 1DIM WIN)1 1.100 I*100 1:51 1.511 1*40

Modlevesebe 21 1.0 IsomW 15160126 0 1.513 loam 0 loa5m Item l0

TABLE £. UNOGENIC IT OF R&DIOVACCINS

vmoiU of1m is (14WIAW

- iaeagenie447 1.5 LO

Ig1. neabTy a 1.1 us11 4.3

S 00 L4
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We determined agglutinind'in the serium of immunized rabbits in 7 days
after the first injectiorr, 'in 7 iays after the second injection and in 7, 14,
21P '6 and 50d~-" after t&.% thix-ý. injection of the vaccine.

Radiovaccines., both the dysentery and typhoid-fever vaccines., pro-
duced formation of antibodies (agglutinins). The average titers of serums
in rabbits Immunized with typhoid-fever radiovaccine hardly differed from
those found in rabbits immunized with the usual typhoid-fever formaldetyde-
kidlled vaccine* In regard to dysentery radiovaccine observations showed
even a certain increase in the average titers of the serums in comparison
with those of the serums of rabbits izinmanized with the usual dysentery for-
imidehyde-4idlied vaccine. Thus., microbes klc~led by irradiation did not lose
their antigenic properties and radiavaccines produced formation of antibodies
like the usual vaccines.

TABLE 6. DSuNooGEitTrY OF RADioACCINES

Of ni.. (11'besla

W. "W" T.YI 2 15o S

In megaTy? 0 so 15.5 1.1

%dwneeks TY a 1.0 so R.5 1.6

RbWMmbtTY 1 1.5 so Mo5 1.8

so 11.1

TABLE 7. 3MUNOGENICITIY OF RADIOPJNflfENS

As" hm bunefm me. a
wgasd as. hamdVW _

Tyatal a 1.1I6o L

.ai~ii~i?1 1.5 9W is 1.
1* bIiuAMIUM a.y U

~F ~Lo' No,



TABLE 8. PRETV1TIVE PROPETIES OF SEA

SambdnMa bdiwlm

UinAhSed h, bad) (10e bbl) " .

W.,agasd T 41 9 4

* I.t6euua Ty I 1.0 so N

mdI..meseJTy I LO.

!C- __ImLI

A~dmiiii mbUiSU Ty1 0 4 .6 '
AW~g 6M bbaia ibgTY 1. 1 4 MA

CIAs -I -

Immanogenic properties were studied on mice. Immunization with dys-
entery vaccines was done subcutaneously, twice with an interval of 5 days.

Inoculation with different doses of dysentery bacteria was done intra-
peritoneally 7 days after the -completion of immunization. IMmunization with
typhoid-fever vaccines was done once under the skin. Inainized mice were in-
fected intraperitoneally 10 days after the injection of the vaccine.

Dysentery radiovaccine did not differ in its immunogenic properties
from the usual formalin-treated vaccine (Table 8). For example, the resist-
ance index of dysentery radiovaccine was equal to 2.9 -nd that of formalde-
hyde-killed vaccine -. to 3. However, if an already prepared formaldehyde-
killed vaccine was subjected to irradiation its immunogenic properties de-
clined in comparison with the usual formaldehyde-killed vaccine which had
not been subjected to irradiation (resistance index was 4.2 and 5.4 respec-
tively).

Tests were made of the typhoid-fever vaccine made from the microbes
of the strain Ty 2 using different methods of preparati6n: heated, formalin-
treated, radiovaccine made from microbes killed with l'rad and a radiovac-
cine made from microbes killed with 1.5 Mrad (Table 6). IMmunization of mice
and rats was done once, subcutaneously.

fr.--ulation was done 20 days after immunization with different doses
of a live cultxw of typhoid-fover bacteria in a semiliquid agar. In testing
the i, unogenio properties 50 animals were used for each vaccine.

L _ -9-
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The data cited indicate that irradiation-killed microbes retained
longer than the usual vaccines the capacity to produce in organism upon
immunization a state of immunity to an infection with live microbes.

The same conclusion may be drawn both for antigens prepared from
irradiation-killed microbes and for irradiated antigens prepared from for-
malin-treated microbes (Table 7).

Rats were immunized with typhoid-fever antigens twice subcutaneously

with a 7-day interval at a rate of 0.25 milligrams of antigen. Infection
was done intraperitoneally 10 days after the completion of Immunization with
different doses of a live culture of typhoid-fever microbe*..

Mice were immjnized-with typhoid-fever antigens twice subcutaneously
with an interval of 7 days at a rate of 0.1 milligram. Infection was done
intra

irnunity was lower with respect to the level of immunity in animals immunized
with antigen obtained from formalin-treated typhoid-treated microbes (a re-
sistance index of more than 16). In the experiment on mice the radioantigaen
proved to be more effective than the usual antigen. The resistance index was
1131 and 1000.

To determine the capacity of radiovaccines to produce in the organism
being inoculated the formation of preventive antibodies, rabbits were immun-
izod thrice subcutaneously with the vaccine in the doses of 0.5 and 1 billion
microbe bodies with an interval of 7 days. One week after the completion of
immunization the preventive properties of rabbit ser=as were tested: a mixture
of sertr was administered to mice subcutaneously in the amount of 0.25 milli-
liters; 4 hours later mice were infected intraperitoneally with different
doses of a live typhoid-fever culture in agar. A determination was Madi of
the dose of microbes producing a 50-percent loss of the animals to which
serum had been administered before the infection, and that of the control
animals to which serum had not been administered (Table 8).

With the aim of determining the capacity of radioantigens to produce
in the organism the formation of preventive antibodies, rabbits were immun-
ized in the following manners first injection - 01 milligram subcutaneously,
the following 6 injections were made intravenously with an interval of 5 days
in increasing doses - 0.2, 0.A, 0.6, 0.8, 1 and 1 milligram. A test of the
preventive properties of the serums was made 2 weeks 4ter the completion of
immunization.

With respect to preventive properties the serius of rabbits obtained
by iiLuinisation with radiovaccina from microbes killed with I *bad did not
differ from the s erums obtained by Immunization of the rabbits with heated
vaccine. An Increase of irradiation does to 2 Wrad brought about a-lowering
of the capacity of the radievacoine to produce the formatiom of preventive
antibodies In the orgnim. However, ant•gene obtained fram miorobes irrad-
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iated with 2 Mrad did not differ-from the usual antigens - in both cases
the resistance index was equal to 42.6.

For a characterization of the properties of radiovaccines the ques-
tion of retention in then of V antigen is of great interest. The effect of
irradiation on V antigen in microbe bodies was determined with the aid of
hemagelutination reaction (Table 9).

The wash-off from agar of a 24-hour culture of typhoid-fever microbes
(TY2 ) was divided into 3 portions out of which one was subjected to irradia-
tion with 1.5 Wrad, the second was treated with formalin and the third was
left in the form of a suspension of live microbes.

With an irradiated culture of microbes the hemagglutination reaction
was both quantitatively and qualitatively nearly the same as with a cultureof. microbes not subjected to any influences.

The results of the experiments carried out give us grounds to consider
that gmma radiation may be used both for the preparation of intestinal Yac-
cines and antigens and for the sterilization of respective finished bacterial
preparations since even large doecs of gams, rays did not change or hardly
changed the antigenic, ammogenic and toxic properties of bacteria in the

I tinal po-.
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